Abstract: Metal complexes of niobium(V) with 3-substituted-4-amino-5-mercapto-1,2,4-triazole Schiff bases have been synthesized in dry chloroform under a nitrogen atmosphere. They were characterized by elemental analysis, molar conductance, electronic, infrared, 1 H-NMR spectroscopy and thermal studies. Parameters, such as energy of activation (E a ), enthalpy (DH # ), entropy (DS # ) and Gibbs energy (DG # ), were computed from the thermal decomposition data. Based on the spectral and thermal studies, a coordination number of seven is proposed.
INTRODUCTION
Niobium ions form complex species with virtually all types of neutral and anionic donors. The coordination chemistry of the higher halides is widely developed and their activity as Friedel-Crafts catalysts is another manifestation of their Lewis acidity. 1 With the aim of studying niobium(V) complexes as potential catalysts and in continuation of earlier work on the coordination compounds of niobium(V) complexes, 2-7 the syntheses and characterization of niobium(V) complexes with 3-substituted 4-amino-5-mercapto-1,2,4-triazole Schiff bases are reported in this paper. Thermokinetic and thermodynamic parameters were calculated using the Broido relation. 8 The catalytical study will be published elsewhere.
EXPERIMENTAL

Materials, methods and instruments
Niobium(V) chloride was from Fluka and all the other chemicals were of reagent grade. Solvents were dried and distilled before use.
Niobium was determined gravimetrically as niobium pentoxide and chloride as silver chloride. Nitrogen, carbon and hydrogen were determined by microanalytical methods. The conductance of 10 -3 M solutions of the complexes in DMF were measured using an Elico conductivity bridge, type CM-82, provided with a cell having a cell constant 0.51. The electronic spectra of the ligands and the complexes in DMF were recorded on a Hitachi 150-20 spectrophotometer. The IR spectra were recorded in the range 4000-200 cm -1 on a Perkin-Elmer-783 instrument in KBr pellets. The 1 H-NMR spectra wee recorded in DMSO-d 6 using a VXR 300S Varian supercon spectrometer operating at 300 MHz. TMS was used as the internal standard. The thermograms of a few complexes were recorded in the temperature range of 25-685°C using a Rigaku TAS-100 thermal analyzer at a heating rate of 10°C/min under a static atmosphere. The activation energy (E a ) and frequency factor (ln A) of the degradation process were obtained by the Broido method. 8 
Synthesis of the ligand
The ligand was synthesized in accordance with an earlier report. 9 3-Substituted 4-amino-5-mercapto-1,2,4-triazole (0.2 mol) and glyoxal/biacetyl/benzil (0.1 mol) were dissolved in ethanol (100 ml) containing two drops of concentrated hydrochloric acid and the mixture was heated under reflux on a water bath for 4 h. The products which separated on evaporation of the alcohol were recrystallized from ethanol (yield 78-84 %).
The following is a list of the various ligands prepared for the present study 
Synthesis of Nb(V) complexes
Niobium(V) chloride (0.01 mol) in chloroform (100 ml) was treated with a ligand (0.01 mol) in the same solvent. The reaction mixture was stirred under a nitrogen atmosphere for 4 h. The precipitated complex was filtered under suction and washed with dry chloroform. The complexes were then dried and stored in vacuum over fused CaCl 2 (Yield 82 %). 
RESULTS AND DISCUSSION
The analytical data (Table I) 
Electronic and infrared spectral studies
The electronic spectra of the ligands exhibit two absorption maxima at 31055 and 35650 cm -1 , assignable to n®p* and p®p* transitions, respectively. The band around 36900 cm -1 in the spectrum of the complex is assigned to a L®M charge transfer transition. 10 In the infrared spectra of the ligands L 1 to L 12 , the medium band in the region 3280-3130cm -1 due to n(NH) indicates the thione form whereas the weak intensity band around 2400 cm -1 due to n(SH) represents the thiol form. 11 All these ligands exhibit high intensity bands around 1618-1640 cm -1 assignable to n(C=N). 12 The thioamide band which is mainly due to >C=S stretching vibration is observed at 750 cm -1 . The IR spectra of the niobium(V) complexes exhibit broad medium bands in the region 3280-3115 cm -1 followed by weak broad bands around 2400 cm -1 , assignable to n(NH) and n(SH), respectively. The ligand band at 750 cm -1 assigned to n(C=S) is unaffected in the complexes. This indicates non-involvement of sulphur in the coordination. The strong band due to n(C=N) is shifted to lower frequencies, between 1630-1585 cm -1 , on complexation due to the participation of the azomethine nitrogen in the coordination. 3 The new bands in the spectra of the complexes in the regions 425-500 and 300-335 cm -1 are assigned to n(M-N) 13 and n(M-Cl)modes, respectively.
H-NMR spectral studies
In the 1 H-NMR spectrum of GAMT and of BEAMT, the -NH group resonance signal is observed as a broad singlet at 13.63 and 13.60 ppm, respectively. The resonance due to -SH protons appear as singlet at 2.5 ppm for both ligands, indicating that the ligands exhibit thione-thiol tautomerism. The singlet at 8.20 ppm in the GAMT spectrum is ascribed to azomethine protons and is shifted to 9.00 ppm in the Nb(V) complex. This confirms deshielding as a result of the coordination of the ligand to the metal ion through the nitrogen atom of the azomethine group. The multiplets observed at 6.9-7.9 ppm in the case of BEAMT, are due to aromatic protons. These are shifted to 7.62-8.42 ppm in the spectrum of the complexes. This deshielding indicates coordination of the ligand through nitrogen. The 1 H-NMR spectral data is compiled in Table II. These observations supplement the infrared spectral observations concerning the coordination behavior of the ligands.
Thermokinetic studies
The decomposition temperature, the pyrolysis products, the percentage mass loss and the ash (percent) are given in Table III . Niobium(V) complexes decompose in two steps. The first step between 50-238°C with a weight loss ranging from 26.23 to 33.12 % corresponding to the loss of chloride as HCl. In the second step of decomposition, the ligand is lost between the temperatures of 209 and 680°C. There is no further weight loss beyond 680°C and a plateau is obtained which corresponds to the formation of stable Nb 2 O 5 . This agrees with analytical results within experimental error.
The measured curves obtained during the TG scans were analyzed to give the percentage mass loss as function of temperature. T 0 (temperature of onset of decomposition), T 10 (temperature of 10 % mass loss) and T max (temperature of maximum mass loss) are the main criteria indicating the thermal stability of complexes. The higher the values of T 0 , T 10 and T max , the greater is the thermal stability. 14 The Broido method was used to evaluate the kinetic parameters from the TG curves. Plots of ln(ln 1/y) versus 1/T (where y is the fraction not yet decomposed) for different stage of the thermal degradation of the complexes are shown in Figs. 2 and 3. Fig. 2 represents the first step of degradation and Fig. 3 the second. The slope of the plot ln(ln 1/y) versus 1/T is related to the energy of activation as:
where, R = gas constant.
NIOBIUM(V) COMPLEXES
The frequency factor (ln A) is calculated using the equation
The values of E a and ln A are given in Table IV . The parameters, enthalpy (DH # ), entropy (DS # ) and Gibbs energy (DG # ) of activation were calculated using the following standard equations and the values are given in Table V :
where K' = -ln(ln 1/y) 
The values of the energy of activation 15 of the second stage of decomposition were found to be higher than those for the first stage, which indicates that the decomposition rate of the second stage is lower than the first. The entropy of activation values for both degradation steps of all the complexes are negative. The enthalpies of activation are negative for the first step and positive for the second. However, the negative values of the entropies of activation are compensated by the values of the enthalpies of activation leading to almost the same values (61.12 -92.17 kJ mol -1 ) for the free energies of activation. 
CONCLUSION
The analytical data of the complexes suggest the formulae of the complexes as NbLCl 5 . The molar conductance values show the non-electrolytic nature of the complexes. The IR and NMR spectral studies indicate neutral bidentate behavior of the ligands coordinating through the azomethine nitrogen. Sulphur atom does not taken part in the coordination. Based on the above studies, a coordination number seven was suggested for the examined niobium(V) complexes. 
